OBJECTIVEdTo determine if long-term mortality rates in early-onset insulin-treated diabetes differ by race among adults of similar socioeconomic status.
P opulation studies of young-onset insulin-treated diabetes consistently demonstrate that these individuals have a higher mortality relative to the general population (1) (2) (3) (4) . Agestandardized mortality rates range from two to five times higher in Western nations (2,5-8) compared with their respective national general population rates, with higher excess mortality rates generally observed in the U.S. than in Europe. The higher mortality rates in the U.S. compared with European countries have been suggested to be due to differences in access to health care and health care costs to the individual with type 1 diabetes (5) .
Mortality rates in the U.S. have been reported to be more than three times as high in African Americans than in whites with insulin-treated young-onset diabetes (1, 9) . However, in the U.S., access to health care is delineated by socioeconomic status (SES) factors, and SES is confounded with race. African Americans account for only a small fraction of the type 1 diabetes cases observed in the U.S. and thus cannot explain the differential mortality excess observed between the U.S. and European populations. We have recently observed a fourfold excess mortality rate in a low-income, largely African American cohort with long duration of insulin-treated young-onset diabetes compared with similarly low-income individuals without diabetes and with similar access to care (10) . The purpose of the current study is to help determine whether racial differences in mortality persist in African Americans and whites with long duration of insulin-treated young-onset diabetes when SES and access to care are similar. The study draws on a multicenter population from a relatively underserved and understudied racially diverse, but socioeconomically similar, population in the southeastern U.S. (i.e., individuals receiving health care from federally qualified health centers serving the socioeconomically disadvantaged).
RESEARCH DESIGN AND
METHODSdThe Southern Community Cohort Study (SCCS) is a populationbased study designed to investigate causes of health disparities among African Americans and whites in the incidence and mortality of cancer and other chronic diseases. Details of the rationale, study design, and methods have been described previously (10) . Briefly, between 2002 and 2009, 64,093 participants 40-79 years of age were recruited from community health centers from 12 states in the southeast U.S. Community health centers (i.e., federally qualified health centers) are government-funded health care facilities offering basic health care services to the medically underserved (11) . Community health centers serve uninsured, underinsured, underserved, and socioeconomically disadvantaged individuals, with fees for services on a sliding scale based on family income and size.
After obtaining informed consent, participants completed a 40-60 min inperson interview that collected data on medical history, lifestyle, and socioeconomic factors. If participants answered "yes" to the question, "Has a doctor ever told you that you have diabetes or high blood sugar?", they were asked questions about age at diabetes diagnosis, insulin use, and use of other hypoglycemic agents. Of the 13,843 individuals who reported having a physician diagnosis of diabetes, 1,149 indicated that they were diagnosed with diabetes before 30 years of age. Among these individuals, those on insulin therapy and using no other hypoglycemic agent at the time of their enrollment into the SCCS were classified as having early-onset insulin-treated (presumed mainly type 1) diabetes. After exclusion of 9 individuals reporting race/ethnicity other than white only or black/African American only, 391 individuals formed the main cohort for the analyses presented in this report. The 48,181 African Americans and whites without diabetes formed our reference population.
Mortality status was determined from linkages of the entire SCCS with the Social Security Administration administrative records and the National Death Index. National Death Index files were current only through 2010, while Social Security Administration files included deaths through 9 July 2012. Both sources were used to ensure the maximal amount of mortality ascertainment. Participants were followed until 9 July 2012, when mortality was censored.
General linear models were used to test for differences in continuous variables in the four sex/race groups, and x 2 tests were used to test for differences in categorical data. Cox proportional hazards modeling, using age as the time scale, was used to estimate hazard ratios (HRs) and accompanying 95% CIs of mortality. Due to the small sample sizes in individual sex-race groups, groups were combined for multivariable analysis of predictors of mortality. The basic model included terms for race (African American, white) and sex, with a full model adding terms for BMI, BMI-squared, history of heart attack or coronary artery bypass surgery (yes/no), stroke/transient ischemic attack (TIA) (yes/no), hypertension (yes/no), high cholesterol (yes/no), education (,12 years, $12 years), annual household income (,$15,000, $$15,000), and a history of cigarette smoking (yes/no). Cox proportional hazards modeling, using age as the time scale, was also used to determine the overall impact of early-onset insulin-treated diabetes on mortality by comparing mortality risk with the 48,181 SCCS participants without diabetes. The criterion for statistical significance was a two-tailed P value of ,0.10 for multiplicative interaction and ,0.05 otherwise.
Standardized mortality ratios (SMRs) were calculated by dividing the numbers of deaths observed among the diabetes patients by the numbers expected based on the general U.S. population or SCCS rates and accompanying 95% CIs computed (12) . Expected numbers of deaths among the cohort classified by sex and race were determined by multiplying the age-, sex-, and race-specific person-years of follow up of the diabetes cohort by two sets of standard rates: 1) the age-, sex-, and race-specific total mortality rates in 2005 for the general U.S. population and 2) the age-, sex-, and race-specific total mortality among SCCS participants (n = 64,093). Our diabetes cohort included only two participants in the 75-79-year age-range, both African American women, and thus SMRs were restricted to those 40-74 years of age.
RESULTSdCharacteristics of the study participants by race and sex are presented in Table 1 . On average, whites were slightly younger than African Americans at diabetes diagnosis (19 vs. 21 years) and had an ;4-year longer duration of diabetes at study baseline. Mean BMI did not differ by race (P = 0.70), but was significantly higher in females than in males (P , 0.0001). At an average of 50 years of age and an average duration of diabetes of 29 years at study baseline, prevalent comorbidities were common: 20% reported a history of heart attack or coronary artery bypass surgery, 15% stroke/ TIA, 22% cataracts, 11% glaucoma, 79% hypertension, and 50% hypercholesterolemia. The prevalence of these conditions tended to differ by race, with whites more likely to report heart disease and hyperlipidemia and African Americans more likely to report hypertension. Thirtyeight percent of participants had less than a high school education, and 71% had an annual household income of ,$15,000, with no differences observed by race (P = 0.27 for education and P = 0.89 for income).
During an average of 6.7 years of follow-up, 28.8% (n = 85) of the African American and 34.8% (n = 32) of the white population died. Median age at death was 53.4 years (53.4 years in African Americans and 53.3 years in whites). Univariate predictors of mortality in those with early-onset insulin-treated diabetes are presented in Table 2 . Univariate predictors of mortality included sex, high cholesterol, and a history of smoking. A U-shaped relationship existed between BMI and mortality.
Multivariable predictors of mortality in those with diabetes are presented in Table 3 . In analyses which controlled for sex, BMI, heart disease, stroke/TIA, hypertension, hypercholesterolemia, a history of smoking, education, and income, no significant difference in mortality was observed between African Americans and whites (HR 0.83 [95% CI 0.53-1.30]) ( Table 3) . Male sex and a history of stroke/TIA were significant predictors of mortality, while high cholesterol, hypertension, and ischemic heart disease were not. Formal tests of interaction suggested effect modification by race on the impact of a history of stroke/TIA on mortality (P , 0.10). Whites with a history of stroke/ TIA were three times more likely to die than those without a history of stroke/ TIA (P = 0.005), whereas African Americans with a history of stroke/TIA were at an ;44% greater risk than African Americans without a history of stroke/TIA (P = 0.27) (data not depicted). Effect modification by income was also observed. In the ;70% of the participants with an annual household income of ,$15,000, there was no difference in mortality risk in African Americans and whites (HR 0.96 [95% CI 0.57-1.61]; P = 0.87), whereas among those with annual household income of at least $15,000, African Americans had about a 60% lower risk (HR 0.38 [95% CI 0.18-0.81]; P = 0.01). No other effect modification by race was observed.
SMRs according to race and sex are presented in Table 4 . The numbers of deaths were 11.7 times higher than expected in whites and 5.7 times higher in African Americans with insulin-treated young-onset diabetes than the general U.S. race-specific population. When the SCCS general community health center mortality experience was used as the reference, however, SMRs were similar across race groups: whites (SMR 3.7) and African Americans (SMR 3.5). Results similar to the general community health center-referent SMRs by race group were observed when analyses were run using unadjusted Cox models with age as the time scale to compute HRs comparing those with insulin-treated young-onset diabetes to the SCCS general community health center population without diabetes (Table 4) . Table 5 shows the independent effect of early-onset insulin-treated diabetes on mortality risk. Using age as the time scale and accounting for sex, BMI, hypertension, high cholesterol, ischemic heart disease, stroke/TIA, a history of smoking, education, and income, in these patients mainly with presumed type 1 diabetes there was a fourfold increased mortality risk in African Americans and a fourfold increased risk in whites compared with the race-specific SCCS population without diabetes. This suggests there was no racial difference in the impact of presumed type 1 diabetes on mortality risk.
CONCLUSIONSdAfrican Americans with insulin-treated young-onset diabetes have reported mortality rates more than three times as high as their similarly aged white counterparts, despite nearly all deaths in the African Americans being diabetes-related (8, 13) . Little mortality data are available, however, on African Americans with insulin-treated youngonset diabetes of long duration. In this report, we have documented the mortality experience of middle-aged and elderly individuals with insulin-treated youngonset diabetes recruited from governmentfunded community health centers in the southeast U.S. who survived to at least 40 years of age. Although we found a high prevalence of cardiovascular and other comorbidities that appeared to vary by race, we did not find a racial difference in risk of mortality in this population with mainly presumed type 1 diabetes. Our data indicate that when SES and access to care are similar, among long-term survivors of early-onset insulin-treated diabetes over 40 years of age, the racial disparity in subsequent mortality is not apparent.
Population-based studies of type 1 diabetes in the U.S. have consistently shown increased mortality rates compared with the general population (1) (2) (3) (4) 6, 14) . In the New Jersey 725, a population of African Americans with type 1 diabetes, mortality rates were 6 and 12 times higher for men and women, respectively, compared with the general U.S. African American male and female population (4) . A recent report from Allegheny County, PA revealed similar fivefold or greater excess mortality, compared with general population norms, among both African Americans and whites with type 1 diabetes surviving $30 years (8) . However, only 52% of the African American but 82% of the white patients were still alive after this length of follow-up. African Americans with type 1 diabetes were more likely than whites to die of acute complications, and all deaths among African Americans compared with 83% among whites were diabetes related (13) . Mortality after short duration of diabetes is more likely to be due to acute complications. This too may be confounded by SES, and our data cannot directly address whether short-term versus long-term mortality varies by race. However, in our population of socioeconomically similar patients, the mortality risk among long-term survivors of earlyonset insulin-treated diabetes was similar between African Americans and whites, whereas SMRs compared with the racespecific general U.S. population were greater in whites. When the reference population was restricted to the more specific SCCS community health center source population, however, African Americans and whites were at a similar three-to fourfold increased risk compared with the sex-and race-specific SCCS community health center general population. These findings suggest that SES accounts for the bulk of the racial differences in mortality within U.S.-based type 1 diabetes populations. We hypothesized that within the U.S., ethnic differences in mortality in individuals with type 1 diabetes might be related to health care access and/or cost. A major strength of the current study design was that by recruiting from community health centers, we were able to control for both SES and access to health care in comparisons of mortality by race (i.e., all of our study participants were of similarly low SES and were also receiving health care at similar facilities). Our finding of no increased mortality risk in African Americans compared with whites with insulin-treated young-onset diabetes thus strongly suggests that if whites are of similarly low economic status and have similar health care as African Americans, mortality in whites with type 1 diabetes is equally high.
We have refrained from calling our population a type 1 diabetes population due to the likelihood of some misclassification of diabetes type, particularly in our African American participants. African Americans are more likely to present with atypical diabetes (15,16) (i.e., diabetes with the clinical features of type 1 diabetes but absence of diabetes autoantibodies) as well type 1.5 diabetes (16) (i.e., the hybrid diabetes with the clinical, laboratory, and genetic admixture of features classic for both type 1 and type 2 diabetes) (17, 18) . African Americans are also more likely than whites to present with young-onset type 2 diabetes (19, 20) . We did not have data on date or age of insulin therapy initiation or data on C-peptide levels, and thus misclassification of diabetes type would be likely in some of our participants. Data on GAD antibodies were also unavailable; however, this is not likely to be of relevance in this population with an average diabetes duration of ;30 years. It should be noted, however, that reports indicating much higher mortality rates in African Americans compared with their white counterparts also did not have biochemical or immunological data on diabetes type, but were based on simple clinical definition (i.e., age at diabetes diagnosis and initiation of insulin therapy at diagnosis) (21) .
A limitation of the study is the relatively small number of deaths observed (117 deaths), precluding calculation of race-or sex-specific rates by specific causes of death. This also limited our power to detect racial differences in mortality risk and risk factors as evidenced by the rather wide CIs. However, when stratified by very low income (i.e., ,$15,000 per annum), the effect size was essentially unity for African Americans compared with whites in this very lowincome category. The mortality benefit observed for African Americans was only observed in the minority, 29%, with an annual household income of at least $15,000. We have recently shown, however, that African Americans diagnosed with diabetes at or after 30 years of age have a significantly lower mortality rate than their white counterparts receiving care from community health centers, whereas no overall racial difference in mortality was observed in the general community health center population (22) . Another limitation of our study was that ascertainment of diabetes was based on self-report, although review of medical records and HbA 1c levels for a sample of those reporting diabetes (not distinguishing by age at diagnosis) revealed that .96% of the cases were confirmed (23) . Finally, participants were required to be a minimum of 40 years old at enrollment, and thus, we were studying only individuals with long duration of early-onset insulin-treated diabetes who survived to at least 40 years of age and could not evaluate racial differences in childhood or young adulthood. As this was a relatively long-duration cohort at baseline, the cohort likely suffers from survival bias. Survival bias would result in a cohort enriched with factors that rendered its members more resistant to the acute effects of diabetes or other mortality risk factors on mortality. If this bias was greater in African Americans than in whites, this may also have accounted for the null to nonsignificantly protective findings observed in African Americans in our study. However, given the increasing longevity of individuals with type 1 diabetes, understanding survival risk factors in the type 1 diabetes population surviving to middle age is important.
In conclusion, in middle-aged and elderly African Americans and whites with long duration of insulin-treated young-onset diabetes and similarly low SES and access to care, our data do not suggest a racial disparity in mortality.
